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Using ^This' Book 
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There are 67 numbered itgms addressed in this boolc. ; 
The numbers are. a rnarkifig system, not a ranking of 
importance. The nurhbefs/appear in duplicate or tripli- 
cate if the items have been 'tailored to a school level. 

^^/gX. The three-rornered marker designates the 
<^^Xhs> school les ri^u^ which each !>eir. '>r discussion 
is ^- ^ f ii^i f ^^^IP i^iei .^ ^^^ry school. 
MS relLT" %4^i^^pio£lligh school. HS refers to 
high schoo 




I^trocLUGtibn 



sciei ce 



saei ice 



How does a 
Hqw does a 
better? What 
qffigient laborato 7 



fac lities 



These are, some 



from decades of 



on which to 



teaSker design a sdence'progaiti? 
teadjer make an existing program 
ard needed to create a safe and 



of theiquestions considered by the 



teachers who vvr )te thi/book. Our answers ate drawn 



science teaching an^d science' teaching 



research. We ho 3e that this volume provides a fou^ida- 



Duild an exciting, challenging^ and safe 



science prpgram for,sludents and^ac 



ers. 



This volume is ; i revision and expansion of the 1970 
book Conditions for Good Science Teaching in Secondary 
Schools, The earl er volume was the result of the work 
of the Commission on Prof essionalfStandards, and 
Practices which ps established by NS^FA. TTiat com- 
mission was instructed to carefully study all aspects of 
. effective science teaching, to consult widely, and then to* 
! prepare a statenient that could serve . as a ' guide to 
' scien^:e teachers knd school •adminstra:ors wishing to 
, provide their stuopnts with a good scier ce education. 

To produce this e(|ition, the 1970 volurie was critically 



reviewed by the ^9814982 Ad Hoc 
Standards and Coodipons for Science 



Committee on 
Teaching. Eight 



people were then fleeted from \yorking subgroups of 
NSTA, and a guide for review and a copy of the original 
document were sen^t to each person. TTie guide aske^ 
, specific questions about format, organization, potential 
new items, and current validity of each item in the 
original document. 

The reviewers agreed that science teaching was essential 
at all r grade IfcVels, sp^t was necessary to define condi^ 
tions of good science teaching at all grade levels. The 
expansion of the text toincltide elementary and mid- 
die/junior high conditioNs for good science teaching 
was addressed by each reviewer. 



Responses to the critical reviev\?Vcrc f pb 

to members of the Ad Hoc Comnv vX' 

f 




aJP^ 



«*i«Tbnditions for Science TeacHing. Each member 
prepared a draft revision of a-.sp)ecific section of the ^ *^ 
joriginal document, based on the critical reviews. The 
combined drafg were then circulated among the com- 
mittee and their responses were sent to the chairman, 
who collated them, resolved differences, and edited the 
material into a consistent format. The complete draft 
was discussed in open session at the 1982 NSTA 
Nationak Conv^ention.and tiie jfinal draft prepared, 
incorporating consensus reactions from the session. The 
final draft was approved by the Board of Directors in 
late summer, 1982. 

Our committee recognized that it was not possible to 
specify every detail of science teaching. Far too riiany 
Variables exist. For example, research can show that 
without adequate laboratory facilities and materials most 
students cannot leam biology in any meaningful way. 
Conversely, \<^e cannot be sure that meaningful learning 
, will take place with such facilities and materials. . 

In this bookl^e present the conditions that we know 
will help administrators, teacher?, and students evaluate 
their present science program, and plan future pro- 
grams. ' 

Victor M. Showalter 
Cllaimian, Ad Hoc Coimnittee 
on Standards and Conditions 
for Science Teaching, 
■ 198W982 

The National Science Teachers Association develops 
publications designe<^to help science teachers assess 
their science programs. One such publication, Cond^ 
> tions for (jood Science Teaching in Secondary School, was 
originally developed a number of years ago to assist 
secondary school science teachers. It hasiFecenriy been 
updated to include requirements for good science 
aching in all grade levels 



The conditioi inc1u<||^; 



ley represent _ 
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the accumulated knowledge and expertise of some of 
the best science teachers in^the nation- Many of' the 
conditions seerh ideal, but they are the minimum 
standards for science classrooms. ^«e standards are 
necessary, to encourage future scientists and scientific 
cally literate citizens. As science educators, we are called 
' upon to offer suggestions for the improvement of pro- 
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grams in our classrooms. This publication can provide 
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Fron) the standpoint of a suident, it is reasonable to 
look upon schdols as institutions that provide resources 
for learning. These resources include all things and 
proCt^uTjes that aid, facilitate, or provoke learning. 
Lcfirning/ resources include peoB||s s^nd prc^ams, not 
just buildings'. and books. A schopl that has well 
equipped science laboratories but poorly' traiped science 
teachers — or ill-equipped laboratories and -excellent 
'ijteachers--=-cannpt claim to have adequate science I^im- 
resources. Nor c^ a schpol be satisfactory if it lacks 
the science experiences to serve all students.^* 

ThusV^Jn lany school^ r^ources for learning should 

. include ' ■ I 

; • Suit|liie:Spaces/placqp for learning science. 

• Appfl'.opriate and sufficient 'science learning/ 
f^materials, ^ 

• A rniodej[-n and comprehensive program, of science 
I iristructidn. ^; 

• Competent and enthusiastic sciibnce teachers. 



Science Spaces/Places . 

Certainly .there is some element of truth in the idea 
that learning can take' place anytime, under any 
circumstances.* But. the large/ truth is that systematic, 
effective learning by large numbers of students at^a 
given time requires the provision of learning spades 
specifically designed for that purpose. These learning 
spaces and their furnishings must take into account: 

(a) the greaf diversity of students who will use then),*^ 

(b) the nature of present day science and icchnojog^ 

(c) current trends and approaches to science teac*mn^,' 

(d) the safety of students, and (e) flexibility, for ad>'>rra; ■ 
rion to future uses. Tlie consequci\LL^*^ill be VlH- 

f urnished; safe, interesting science rooms.^h;it include 
spaces for laboratory work, for groJp i; '^^^non, and-, 
for InJividilp.l use. These; rooms will be ^pon invita- 
tion to lenirning and teaching. ' 111 



Laboratories 




It is generally agreed that science i^f proce* and an 
activity as much aS it is an organize$iobody of knowl-- 
edge;/science cannot therefore Be leartied in any deep 
and/meaningful way by reading agd discussion alone. 
Sconce education should *protnote learning activity, 
creiativity, and involvement in acquiring data systemati- 
cally (i.e. laboratory work). The recommendations that 
follow are offered as an aid t6 designing or improving 
science laboratory space in schools. ' ' 



1 Elementary scietice teaching involves 
processes, concept^/ anct topics that are 
often best taught in connection with 
other subjects such as reading and niathe- 
niaticsi This cajri best be achieved when children 
'do laboratory work in their regular classrooQis. 
Classrooms should be designed and equipped to 
accomodate such work. 

It is usually desirable to establish a separate room as a 
science resource area, perhaps adjacent to a media cen- 
ter. This, however, would be supplementary to the 
^asic program. 



1 All science laboratory /classrooms 
) should be mulddisciplinary. 



• Science laboratory classrooms should be reserved 
for science classes. 

I • Some unscheduled laboratory time ^ho)rfd .be 
r available each day. ""^^ 

• Special attention should be given to the naiitiite 




nance of living org^isrfis. 

/ \ 1 Laboratories should be designed and 
\^ , "\HS/ equipped to accommodate more than one 
area of science in order tb^xplore all the 
ejcperimental solutions or a problem. 
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'In addition there must be sufficient flexibility 
to meet the variations in Ithe yearly demand for 
'science couirses. This seeptis a challenge to those 
responsible for yhediiling, but the educational 
benefits of such flexibility outweigh the disad* 
vantagesv 

One danger in this approach i$ to caixy this arrange- 
,^ment to an extreme that makes the entire science pro- 
grain logistically unmanageable. There are three imp 
tives implicit in this recommendation: 




• Science laboratories/classrooms should be re 
for science classes. 

• Some unscheduled laboratory time should be 
available each day. . 

• Speciahattention should b^ given to the mainte- 
nance, of living organisms. 




2 Becau^ elenteritary science instruct 
\ y tion usually occurs within each classroom, 
diis room sltduld be designed and equipped 
to serve as the laboratory setting. ^ 

2 All students ei^rolled in science 
courses should have daily or fr^^ent 
access to science labor^ilHip^Thi&l^pu 
equally to students w^hose goal is to be a{science 
specialist as w^ell as to students whose goal is-gen- 
eral scientific literacy. Restricting enrollments to 
acconimodate existing laboratory facilities is not 
acceptable practice/ 

Laboratory experiences have been shown to increase 
positive attitudes ti&ward sciencc^^lTiere is also evidence 
to^show that thgjiaboratot y is an effective setting to 
develop manipiJPIvc ski|k, j5rocesses of science, inter- 
est, and values. Based on this research and other psy- 
chological studies on the use of concrete manipulative 
materials; one risks ^mup by minimizing laboratory 
work in the science progra 

• At least 40% and no mor\thanj80% of total 



instructional time should occur in a laboratory setting. 

• Sufficient laboratory rooms should be available to 
accQmodate all students for a full year of science each 
year. . " • 



CEs: 




3 In the ejiementary school, the physi-' 
cal organiiatiion of the classroonri should 
be flent)le; enough td allo^ sufficient 
space for setting uft conducting, and storing experi- 
ments or projects* 

• i 

' • There should be a minirAum of 4.8 square meters 
of Space per student. 

• No .more than 24 students should be assigned to 
one teacher for .laboratory experience at any one time. 

"/N. 3 Each laboratory should be large 
^<M^<H^ enough to allow full student participa- 
tion in setting up, conducting, and stor- 
ing experiments. ' - 

• In combination classroom/laboratories, approxi- 
mately 2/3 of the space should be set aside for the 
laboratory and 1/3 shpuld be used for discussion, lec- 
ture, and other activities. 

• There should be a minimum of 5.5 square meters^ 
of space per student in a classroom/laboratory . 

• There should be a minimum of 4 squaog meters 
per student i^he space is strictly, for a laboratory. 

• No morWhan 24 students should be assigned to a 
laboratory and a teacher at one time unless the school 
has been built following an open area concept. 




4 Classroom and laboratory ceiliqgs 
s^iould be high to provide enough room 
volum^to dissipate odors, heat, arid fumes 
generated by experifnents. A fume hood should 
be used when necessary. 

• There should be 3 meters' between floor and 
ceiling. 



t 
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• Ceilings must be of non-asbestos, fl^e retardant 
material. ' \ 
. • -Acoustical cei:lings are desirable. 



'/zs^ 5 A laboratory should provide a set- 
\ / ting for student experimentation and this 
environment should be provided within 
each classroom. E^h classroom should include 
wQrk space, 'storage facilities, and appropriate 
science equipment and supplies. 

• Level student tables'or other work surfaces should 
\^ be provided. - ; 

• Storage space for individual student projects should 
be provided. 

• Loclcable mental storage cabinets for selected sqtence 
materials should be available either in the classroorh or 
in a convenient central location. 

• Special equipment should be kept simple and 
should include such items as a microscope, simplp two- 
pan balances, thermometers; plastic beakers, etc. 



MS • 



ii^^Each laboraiply olHIfeoratory /class- 
Yoom should be appropriately furnished 
for the science classes that \Vill use it, 
including work space, storage facilities, and fre- 
quently used equipment and supplies. 



^t least I squiirc meter per ^tu- 
mat is smooth, unobstructed, and 



• There should 

dent of wc*'^-' ^ r. 
level. 

• A secure preparation room should adjoin or ' 
nearly adjoin the laboratory. 

• There should be a demonstration table approxi- 
mately 91 centimeters high. ^ ^ 

• All counter tops should be acid-proof and heat 
resistant.'/ ' v 

• Considerable space ne;jr windows should be 
adapted for plants. ' - ^ " 

• Cabinetry shi n 1 ;n < . xlatc the equipment and 



supplies needed for science teslching. All storage areas 
and cabinets should be IcxJcable. 

• Facilities sJiould allow for proper organization of 
materials. * ' . 

^# Special equipment should include a temperature 
control chamber, balance, microscopes, water deionizer, 
stream table, electronic meters, etc. ^ - 



. 5 Each laboratory or laboratory /clas^ 
<HS/ room should be appropriately feimished 
^tH work space, storage facilities, and 
f^eq^ently used equipment and supplies for the 
science clii^ses that will use it. 

' • There should be at least 1 square nrieter per stu- . 
dent of wwk space that is smooth, unobstructed^ and 
level. 

• A secure preparation room should adjoin or neafty 
adjoin the laboratory. ^ . • 

• There should be a demonstration tablq approxi- 
i;nately 91 centimeters high. 

• All counter tops should 'be acid proof aftd-' tieat 
resistant. 

• Considerable space near windows should be ^ 
adapted for plants. ' . . 

• Cabinetry should accomodate the eqiiipntgfit and 
suppliers needed for sc'AMvro v "hing. All sr' >rage areas 
and cabinets should be iockji e. 

• Facilities should allow for proper organization of 
materials. 

• Special equipment should include autoclave, incu-- 
bator, refrigerator, microprojector, centrifuge, spectro- 
photometer, analytic balance, electronic meters, water 
deionizer, stream table, etc. 



6 ^Each classroom should contain a suf- 
ficient number of conveniently located 
electrical outlets, at least one large sirik at 
a height appropriate fer the students, and low 
pressure water. 



EKLC 



8 



• "^All sinks should be at least 45 dfentimeters by i^l 
centimeters, have hot and cold water, and be low enou^ 
for student use. 

All electrical outlets should be covered ancj 
grounded. ^ , 

6 Every laboratory should have a suffi- 
cient number of conveniently located 
electric, gas, and w^ter sources. 




cusXhs; 



• The demonstration table should have electridtv^ 
gas, hot and cold water, and a large sink. f 

• All electrical outlets should be cov^red^and 
grounded. 

One electrical outlet should be available for every 
two students. 

• Water faucet spigots should be high and should 
yield water at low ^essure with an aerator. 



7 Appropriate waste disposal facilities 
and procedures must be provided for all 
laboratories. 




msXhs; 



• Maintain no more than a 2-year supply )f all 
chemicals. 

• A yearly inventory of materials is essential. 

• An approved local handbook on waste disposal, 
should be readily available to, all teachers at all times. 

• Separate containers §houl3 be available for broken 
glass. 1^ 

• A periodic check with local audiorities should be 
made to determine current procedures for disposal of 
substanc^p^'rii^t are flammable, insoluble, or toxic. 

8 Each laboratory /classroom should pro- 
vide adequate, energy efficiefHt lighting 
and tenjperature control for the work to 
be done. 

• One hundred foot-candles of diffused light at desk, 
level should be adequate for most situ^pns, although 




detailed close work may require a 30% increase. 
^ • Solar energy shoifld be used direcdy when possible 
for light, heat, and maintenance of growing plants, 
'* • Daylight bulbs n^ay be more appropriate than cool 
white bulbs. ' \^ , 

• /X^orkspaces along walls should- be equipped with 
counter lights. 

• • Systems to* control light and temperature levels 
should be provided. 



9 Internal air circulation and external 
exhaust systems, should be part of the 
laboratory/classroom. 




Exhaust fans should be capable of moving 283 
cubic meters of 'dtttfM^ 

• Windows T^^^tSiBTe necessary in the absence 
of mechanical exhaiSRystems, 

• Fiin« hoods shoifld be located in all laboratories 
that generate toxic or noxious vapors. A velocity of 9.3 
linear meters per minute is a minimum and all duct- 
work in the building should be under negative pressure. 
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10 A fully operable fire extinguisher 
should be available within each 'hdxYra-* 
tory /classroom. 



Teachers should be skilled in using the extinguisher. 

X\ ^10 Fully operable/ fire extinguishers 
'<^sXh^ should be located in each laboratory 
where they are quickly and easily acces* 
sible. Fire extinguishers should be appropriate to 
the type'of fires that might occur in the laboratory. 

• All chemistry laboratories should contain a dry 
chemical powder (pressurized bicarbonate) aqd/or a 
carbon dioxide fire extinguisher, up to a 4.5 kilogram 
charge. . 

• A (|lalon 1301 fire extinguisher may be needed in 
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certain electronics areas. 

• Teachers "should know hdw to operate the availa- 
ble fire dcdnguishers. 

• Storage of chemicals should be by category and 
hot by alphabetical order. 



1 1 All students should be provided 
with safety goggles. ^ ' 



• Goggles should offer splash and impact protection^ 
from the front and sides: 

• Storage and disinfection of goggles should be 
arranged. * 

• Teachers should be knowledgeable about the use 
ofgoggTes. ^ 

/\ 1 1 Laboratory /classrooncis should con-- 
<msXhs> tain eye-wash fountains and safety gog' 

gles for alUstudents. ^ Jk ^ 

^ • Chemistry laboratories and all preparation rooms 
should contain an emergency safety shower aftd drain- 
age f(3f the shower. A hand-held eye wash spray with* a 
1.5 meter hose is most adaptable to unusual situations 
including head and bog^ splashes. 

• Gc^i^^ should offer splash and impact protectiorr* 
from the front and side. 

^ Storage and disinfection of goggles should be 
arraiiged. \ 

•vTeachers should be familiar with tl^ use of the 
^ safety systems. 



/^y* ■ 12 Every science laboratory /classroo^ 
<^sXhs> should have two unobstructed exits. 

• These should open directfy into a main hallway or 
to the outside of the building. ^ 

• Ideally, doors to these ^xits should not be locked 
against, inside to outside passage.' 



.13 There should be an sikmual verified 
(hs> -safety check of each laboratory* 

^ ** - 

can be conducted during the summer b^ the local 

fir\marshal and the school's maintenance staff follow- 
ing Vcheck list provided* by the science chairman or 
lead science teacher. At the beginning of the school 
year, eacll science teacher should receive written notifi- 
cation of the resufe. ^ (l^ ^ 



7: 



Cla 



rooms 



In the traditional mode of instruction, stuilents are 



studen 
^ize^ 



broqght together in groups of modera!;e ^izeTbr pur- 
poses of discussion, demonstrations, watching films; 
and the like. While other approaches to science teach- 
ing put more emphasis on individual student activity, 
they too usually require space for group work. The 
following recommendations apply to such spaces, 
whether they are provided as part of laboratory/class- 
rooms or as separate roonis. : • ' 



14 For effective learning, no itiore than 
<^^>(hs>^24 students should be. assigned a space 
intended^for group discussion and activ 
ity (as distinct from large-group lecture). 

This recommendation should not be taken to discour- 
age experimentation with innovative ways of grouping 
students for instruction, -provided they afe based on 
educationally 4efensible premises. It does oppose taking 
the chance of undermining effective group teaching for 
reasons of scjieduling convenience Or to lower costs. 



1 5 A science classroom should have filU 
audiovisual capability, facilities for con- 
ducting ^ientific demonstrations, and 
access to a, computer. 
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A science classroom should be equipped with a demon-, 
stration table with a sink; electrical, gas, and water ser- 
vices; outlets for audiovisual equipment; screens for 
regular and overhead projection; provision for dajken- 
ing; ample blacJcboard space^and bulletin board display 
space. * • ' * 

■ ■ '' ■ ■■ 

Individual Study 

As a cor^sequence of continued concern for individual- 
ized instruction and of increasing emphasis on the use 
of computers and other media, there is* a trend toward 
more and more indepertdent learning activities as an 
integral part of science programs. While there will be 
continued use of group learning and teaching proce- 
dures, it is imperative that every school make provi- 
sions^or accomodating individual learning ac#vities in 
order to assure excellence in science learning. The fol- 
lowing recommendations apply to any school, regard- 
less^ of the mix it may currendy have of group and 
* individual learning activities. . 



16 Specialized facilities are needed. 



Es; 





There should be access to a shop or a tool cart 
for construction projects. A natural oytdoor 
area should ]be maintained and easily acces- 
sible for science learning activities. 

These should iri^lude at least a greenhouse or 
plant growth facilities, an animal room, a 
darkroom, and access^to a shop. Outdoor 
facilities on the school site should be preserved or re- 
stored to.. natural condlHons and used for science 
teaching. 

1 7 Individual project areas are needed for stu- 
dents working on special experiments. ^ 



:es; 





• .MaRy experiments require several days to 



cornplete and undisturbed spacfe should be 
available for them. _ ^ 



Ample storage for projects in progress is as 
necessary as adequate worl^if^ space. 



18 Ample library space should be available. 



Es; 





Meally this-will be a spacious, easily accessible 
school library or learning center. 



This should be concentrate^ in the school's 
<msXhs> general library but may include a small work- 
ing library within the laboratbry or classroom. 
The library should be easily accessible at a variety of 
times and large enough to accommodate a sizable 
number of students. 



V9 A teacher-student conference are^ needed. 



:es; 





cmsXh: 



These conferences often require isolation fr^om 
the students' peers and may be conducted 
when the classroom is unoccupied. However, 
an alternative, pleasant, non-threatening site should be 
provide(J by the school for use at other times, v 



Such conferences will ordinarily occur in the 
teacher's office. If,* contrary to these recom- 
mendations, such space is not available then 
the school should provide a special conference vo6n\. 



Science Learning Materials 

If we consider the great variation in student interests, 
purposes, abiliti^, learning styles, and background, and 
then contemplate the complexity of science itself, there 
appears 2in obvious need fot a \yide assortment of 
science learning materials. The following reconunenda- 
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tions.,are intended to offer guidance in selecting these 
jnaterials. I . ' 

20 Individual science textbooks, labora- 
tory manuals, and/or study guides should 
be made available without cost to every 
student. 

All students need a guide to lead them -through the j 
conceptual and process-based aspects of science units. 
Such a guide, whether it be one or more textbooks or 
other printed materials, should* be made available to 
each srtident at all times^through a course. 



The sdence textbooks used by stu- 
dents at any time should be no more 
than five years past the date of the last 
major reVision* 

Science is dynamic, this is dramatically true of the 
applicarions of science. Ope consequence of this is zh^z 
textbcx)ks, which are somewhat dated even before they 
appear in the schools, become obsolete more rapidly 
than textboolcs in other fields. All science materials 
need to be up-to-date in content, organization, topical 
interest, and spirit*. 




4 
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22 At every level in the scietve program there 
should be a variety of printed Jnaterials to sup- 
plement a basic textbook, laboratory man|l&l, or 
study guide. 



This material should be in each classroom 
;y and could include trade^books, newspaper 
clippings, .word puzzles, coloring books, etc. 
A librarytzart can be stocked with appropriate materials 
to complement each unit as it is tajnght. 




No-guide, no matter how good, serves all stu- 
<^s><^s> dents' equally well. To back up the basic 
materials, the sdence department should stock 
in the classrooms snd laboratories and integrate with 
the courses such printed materials as programmed 
instruction booklets; a selection of textbooks, maga- 
zines, articles, and^tfeaflets. Some material should de^ 
with 'the connections among sdence, technology, and 
the "rest of sodety. ^ 
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23 The school 6t system library or 
media center ishould -contain a variety of 
trade books, . pamphlets^ and bulletin 
board display material /on science, technology, and 
social aspects of science*, f ^ 

Encyclopedias, bi<igrapHies, science fiction, and non- 
fiction materials should :be included. Some periodicals 
can be included. Guidance in selecting the& materials 
can be found in professibnal journals. (These materials 
can J^e the source of selections for the library cart de- 
scribed in recommendation #22 ) ' 



23 The schopl library or media center, 
<M^><HS> should contain an adequate selection of 
books, periodicals, and pamphlets on 
* science, the applications of scienc^ and the his- 
tory, philosophy and sociology of s^cience. 
. 

Encyclopedias of science, science dictionaries, field 
books, handbooks, nonfiction, biographies, novels, a 
large selection of popular science magazines, and files of 
pamphlets and documents from government 'agencies, 
industry, and scientific* societies should be induded. 
The reading level, mathematical sophistication, and 
level of abstraction should vary to include works rang- 
ing from jiniior high school level to college level. Guid- 
ance in selecting material^should come from the science 
teachers and the science department head. 




24 An adequate supply of modem science sufP 
plies and equipment should be available for indi- 
vidual and small group activities and experiments. 

Xes^ -Laboratory learning requires equipment and ^ 
supplies in sufficient, quantity for conducting 
' ' experiments. The kinds and quantity of epiuipv ^ 
ment" needed cannot be specified without 
knbwledge'of the particular units taught and. of the 
relative emphasis,placed upbn gi^up instruction and on 
individuarexperinientation. A supply system for deliv^ , 
ery and.rep)Iaceinent of consumables should be 'estab^ 
,lished. Because, young students -especially benefit firbm 
handson le^rmng, elementary classroom| should be ^ 
<veli supplied with appropriate^ inexpensive, and easily 
obtained rnaterials. ^ 

^ Laboratory learning requires materials, equip-- 
<<]isXh^ ment, and supplies in sufficient quantity for *^ 
condiictihg experiments. The kind and quanr 
' tity of equipment needed.cannot be specified withoijt/ 
knowledge of tfie particular cpurses taught and ofme 
^relative emphasis placed upon group iristruction afn^tpn 
individual experimentation. A supply system for (S^v^ 
, • #ry and replacement of consumables should be estab' 
lished. =^ . ' V - ■ . ' 



25 A diverse supply pf audiovisual learning 
r indterials lieeds to be readily available for each 
, science unit* ' ' - - . 




Slides, overhead transparerides, videocassettes, 
.computer ^ppbgrams; and films, etc. are best 
regarded ats permanent equipment and kept in 
.;thje fooms where - they will be used. An efficient, 
*^hbdl\vid^;central supply system could also store this 
*^quiprhent.\- ^, . \ \ ^ 

■ ■• ■» ■ ■ ,\ ■ ^ : * ■ ' 

' Thosl? materials used freqiiently , tfeuch as film , 
Hs>. loops, slides, videocassettes, overhead tran^^ 
pai-erideSf and coinputer prbgrapis, shoukl be; 




pegafded as perrfianent tequiipmetu arid be located in the 
rooms where they will be used, in an a(Jjacet\\§torage 
area, or in a m§dfe center. They should be r^dily^vaiU^ 
able to teacherfs and studients. Other materials, such^ 
16,mm sound films, that are used a few- times a year 
and are relatively more expensive, can be obtained by 
loan> An adequate budget for maintaining^ ^rfeplaciqg, 
' and adding to these nl^^rials should be orovidM. \^ 




26 Individual classtbbm^ should have 
permanent use of iJertain items of aud^«; 
ovisu^l equipment, or tjki^ equiprnent 
should be easily acce^ible* • ^ • * 

This^quipm^nt should include-microcomputer(s), over> . 
heacf projector, and videocassette player. 



26' Certain it^mspf audio visuabequip- 
:;hs> inent should be provijied as^fhe^perma- 
t nent equipment of individual courses 
and^or classrooms^ * 

Many science teachers use audiovisual equipment fre- 
quendv* Items such as overhead projectors, microcom' 
putets, yideocaseette players, and film loop projectors 
fieed tQ bfe available wicKgLrt excessive' planning and 
fyrmal ordering. ^ - " 



*xScien^ Programs. 

In* aViy school cjistrict ari organized, sequential 12 ' 
science, program wiU bffer the best opportunity 'for all 
students to;|c)iieve desirable levels of scientific literacy * 
It is generally agreed that no orier science program will .. 
. Jbest ,sen/e all schools and/or districts. It is^also agreed * 
thaugood science pro'grams do^ not happert by chance 
but re^lt frpm concentrated; afid continuing develop)- 
ment» The following recomrpendations ar^ intended to 
guide this development: ' 




27 The science program should provide 
appropriate science exp^^enCes for each 
student; at eveiry grade level. 

Special efforts should be made within each classroom 
*to assure individual studeot* success. Consequently, the 

cognitive and manipulative demands of iWming sciencfg 
' should* match the developmental levels of individual 

students. V ^ * 



2 7 The science program should provide 
an appropriate science course for every . 
student every year. 
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If is generally agreed thdt not all students must take 
exactly the same courses, but each should achieve a 
satisfactor^^^yel of scientific literacy. Courses should 
; provides^acRground for and inspire interest ip" high 
school science. . *^ ^ ' 

The s<(ience program should pcovide 
(fis>' the opportunity for every student to study . 

science ^very year. 

■ ■■ , .i" ■ ■ . 

'Whether a school requires one or two or more years of ^ 
science for graduation, there should be a science option 
for every student every yegir. The group of courses 
available may be traditional or noi^-traditional, but 
should be sufficiently diverse in level and approach.{to 
give every student a choice In vyhich he or she can be 
successful, giveh the student's interests, abilities, and 
developmental level. 



28 ' The science program should provide an^ 
opportunity Vor all students to explore the spec- 
trurn of human scientific endeavor and its-rela- 
tioi>ship to the whole of society. ' 



The processes of science should be empha- 
sized as a way of learhihg and accorded at least 
' as much priority as the; Cognitive aspects of 



science. Science-related career aspirations should begin 'f ; 
to develop" as a consequence qf studying science.^ ^, 

y^V Science a'^d technology will provide careers, 
<MS><HS> for many students and will influence the lives 
of all students. The processes or methods of 
exploring and understanding science should not be* 
omitteH in favor of the primarily cognitive aspects of 
sciejnce. 

Science should be seen as one significant way of know^ 
ing the universe. ' ' ' 
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29 Thie science program should provide 
)> opportunities ifor scien^re-oriented stu- 
dents with high ability and/o^^high inter- 
est level tos be invylvSl in activities that go beyond 
the regular unit 



These opportunities ^uld include extended field trips, 
working with older students, acting as laboratory assis^ 
jtants to teacher(s), teaching younger students,. conduct-^ 
ing independent projects, etc/ ; 

X\ 29 These should include at least the ^ 
<MsXKts> opportunity to work oh an independent 
research projed: for which adequate space, 

materials and teachier help are made available. 

■ ' " ^ <^ 

These opportunities could also include specfial research 
seminars arid extended field trips. , ^ 



30 There should be at least ISCT min- 
utes per week of science leaminjg activi- 
ties available to every student.* 



Tlje effects of science education extend beyond the 
irftmediate. facts learned. Science learning enhances the 
basic skius of reading, writing, and mathematics, arid is 
fundamental to educational- development. 





30 Every student enrolled in a science 
>'^course should have at least 225 minutes 
per >veek of science instruction in schools 
with block scheduling, 270 minutes -^r week of 
science instruction in schools with modular sched*- 
uling. * . i 

Field studies and laboratory work require time in addi- 
Hon to the usual classroom time a(llotted to* other school 
subjects. I 

30 Every student enrolled in a science 
.(HS> course should have at least 275 minutes 
^ per week of science instruction in schools 
with block scheduling, 315 minutes per week of 
science instruction in schools with modular sched- 
uling. \ ' , 
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3 1 All science unit^ should include a 
significant amount of student laboratory 
work. Studies have shown that younger 
students especially benefit from hands-on activ- 
ity* This does not mean watching a teacher or peer 
perform a demonstration (although this may be 
useful occassionally). Manipulative skills and in- 
terest in science are developed along with cogni- 
tive knowledge. « " 

* * 

• Laboratory work is not an end in itself and must 
be followed by some "intellectualization** of the results. 

• Questions and answers based on observations are 
more important than **right*' answers. 

• All students, regardless of demonstrated ability, 

should be involved in laboratory work. . 

I ■ , . . . y 

^^^^V 3 1 All science coursjes should include a 
<^s><^s> significant amount of student laboratory 
work. Experimentation is the he^rt of 
real scieni;;^ and can be ^defined as the systematic 
gathering and interpreting pf observations to 
answer a question or to test^n hypothesis. Some- 



times this is extended to include any hands-on 
activity. . ' ~ , ' 

Experimentation is needed to convey the reality of 
science and. the processes of science. . 

• Most experimentation should be based on real 
problems and should be open-ended. ' 

• Ail experimentation should be relevant to oth<er 
portions of. the course. 

• /^l students, regardless of ability levejs, should be 
involved in exfJerimentation. 

• Experimentation can involve da6i gathering from 
any pdrt of the real world arfd need not b^resjtricted to 
the laboratory /classroom. 

• The manipulative aspects of expferimenrtation are 
not sufftcienfin^emselC^es and must be followed by 
analysis and interpretation. 



3JZ A vari€|ty of learning-teaching activ- 
ities should .be incorporated into each 
science course. _ ' 



Experience shows that^the best method of teaching 
science is a mix of- methods. Any one method (even 
laboratory) used to the exclusion of all others is not 
likely to be effective. 

Any group of individuals will Viave a variety of pre- 
ferred learning styles which must be accommodated. 
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33 The science program should be con- 
tinually reviewed. A general review 
should be done annually and a^detailed 
criticaU^jtudy should be done at least every five 
years. Leadership for this effort should copie from 
the science chair or lead teacher. 

Each science teacher should participate in a systematic 
plan to revietv the school science program in terms of 



. • ovtfrall program objectives. 

• progress toward objectives at each grade level. 

• needed modifications within the ptogram^ at each 
grade level. 

• articulation among grade levels and with the mid- 
dle school program. 

• how well the teaching methods fit student learning 
styles. ^ 

• equipment and facility needs. . 




33 The science proloram should be 



con- 



<Ms>^s> tinually reviewed anil developed. The 
review process should involve the entire 
science teaching statf and should not be relegated^ 
to administrative paperwork. The process should 
not only be the result of cooperatioii among 
science teachers but should also serve to develop a 
feeling; of collegiality among them. 

/ 

The science depaptfi^nt should have a systematic plan 
for evaluating indiyid^al courses and the science pro- 
gram as a whale. This does not mean that every course 
must receive a full scale examination every year but that 
the science department should have a planned cy(:le of 
critical review. Individual courses and the overall pro- 
gram should be reviewecijp^ensively at least every four 
or five years. Leadership for this efft)rt should come 
. from the science chair. ' 

Specific aspet:ts to be considered include. 

• the relationship of program and course objectiv^ 
to the eurrent state of science, technology, and society. 

• articulation between courses and with elementary 
and high school programs. . 

• how well |J^e teaching .methods fit the student 
learning styles. ^ 

• alternative and/or new courses that might better 
fulfill program objectives. 

• objective evaluation of current courses in terms of ^ 
student learning and interest. 

• desirable modifications of current courses. ^ 

• equipment and facility needs; * ' 



Science T&achers 



Tl^e single^most Critical learning resource in' a good 
science drogram is the teaching staff. First rate build- 
^^<^ngs, rooms, equipment, or programs will,not guarantee 
' '"^enli.nnfinimally acceptable science program without a 
good^taff. Individually^ science teachers need to be 
creative/ enthusiastic ,^ble to communicate, and knowl- 
edgeable about scienC^, students, and teaching strate- 
gies. ScKnce teachers should be selected carefully, 
supervised professionally, and assigned wisely. The fol- 
lowing recommendations are inTiended to gyiide these 
actions. 

34 Each science teacher should meet 
state certification .requirements and be 
involved in frequent activities that will 
improve his or her science background and enthu' 
siasm for the subject* 

' Subject matter background in science is impor- 
tant. However, enthusiasm about science and an active 
desire to continue to learn are more important: 



34 The professional science teacher 
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should 

• be well educated in science, liberal arts, and 
the philosophy and methods of teaching* ^ 

, • continue to learn about science and science 
teaching throughout his or her teaching career* 

• insist on a sound educational environment in 
which to work* 

^ • contribute to the improvement of science 
teaching and the maintenance of high standards 
throughout the profession* 

• take an interest in fostering a quality educa- 
tion for future science teachers* . 



3S Science teachers should collabora& 
to maximize their combined backgrotmds 
in science* 
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Teachers can learn from each other about science and 
science teaching, and they can occasionally trade classes 
for teaching certain units. 

It is important that teachers view themselves as members 
of a tean) that is working to achiev^e common objectives* 

X'x 35 *The number offence teachers in 
<^[s^ a school should be large enough and their 
backgrounds in science broad enough to 
suppi»rt a full science program. 

Even the smallest school should have at least two science 



■i 



teachers. Not only will this^enable the school to offer all 
science courses but willhielp assure professional growth 
of the teachers as result of cbeir interac5tion. 

Teachers should collaborate extensively apd share their 
science backgrounds and teaching skills. Although it is 
unusual for a teacher to have an extensive J^ackground 
in all of the special sciences, teachers should have a 
broad background in science as a whole. 

Science teachers should view themselves as members of 
a team dedicated to achieving many common objectives 
rather than as individuals teaching an isolated science. 



/ 
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Conditions of Instmctioii 



Conditions of instruction refer tO; tb^.di^Cunistances in 
which each teacher works. The most^mpiottant condi- 
tion is prohibly the educational aftnosphere. If thtrdf is 
trust and respect among students, teachers, arid admin- 

y istrators; and if there is a team spirit '.that gives educa- 
' fion pj^ne individual student pripjrity, among school 
activiti^j it is likely that good con^ditions for learning J : 

. and, te^f^Hng.. will prevail. . ' ' 

* The'^recomrriendation^' that follctvy ^eal with ^me 
.the specifiable aspects of conditiyns for instrucniajfiV ^r* 
They ^re ba^ed^oj^ ,the assurn^^ro^is than a) a scielfe^-^* 
teacher '*?tpt^^Ussigjfii^ent must reflect the complexities-^-: 
of thu' jqb/ b)' there- must be ample time fc^r both ^ 
instruction arKH pVef)an and c) there, should be 
provision ^ '^ i 



Teachinj 
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iehce instriifction at the element 
tal^ level shoiifdl^ prdvided by teichers 
who 2Cr% competent to teach scieno ^ 



This recommend^rion is made to encourSge the teach- 
ing of science at the elementary level, not to serv ? as an 
excuse to omit it. Ideally, science instruction at the 
elementary level should be the responsibility of a t jacher 
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or group'of teacher^ whose primary function is to teach 
science. Whether science is taught by a science specialist 
or by the regular classroom teacher, the elementary 
science teacher must possess the science content knowl- 
edge, comi^etence in methods, and personal interest to 
do an effective job. 

36 A science teachtr should fulfill all 
<msXhs> applicable certification requirern^nts for 
each science course taught. 

This recommendation should not preclude involvement 
in developing or teaching interdisciplinary courses, inter- 
departmental seminars, the use of team teaching, or 
other as yet unforseen innovations in instruction. 
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3 7 Specialized teachers of science in ele* 
mentary schools should not meet more 
than three different grade levels or more 
than five separate classes each day« 

Both specialized arid "self-contained'' teachers of science 
in elementary schools will be more effective if they can 
use adult aides and/or laboratory assistants selected 
from upper level students or pre-service teiichers. This . 
type of experience \yould be especially appropriate as 
an early field experience for prospective teachers. / 



37 A science teacher should have no 
more than three different course prepara^ 
dons* , 
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Because of differeijces in the organization of science 
instruction, it may not be' clear as to what constitutes a 
**course preparation." In a sense, every jingle class taught 
by a teacher constitutes a separate preparation^ If a 
course is taught with individualized instruction, the 
teacher's preparation work increases by a factor of the 
numbef of students taught. 

Whether a teacher primarily usq§ team teaching or 
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individualized instuction, there needs to be* some reason- 
^able limitation to his or her separate preparation 
^situations. 

School admini3trators need to Tecognize the extra time 
required by science teachers to manage laboratories. 
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38 Teachers who have the added respon- 
sibility of being lead science teacher oi- 
specialized science teacher should have 
fewer non-teaching assignments. 

The extra demands of managing (equipment and mate- 
rials ^should be compensated by a reduction of non- 
teaching duties such as playground or lunch room 
assignments. 

38 If science teachers ^re givfen respon- 
sible assig^iments beyond dieir usual class- 
room assignments, their total load should 
be adjusted' to a^ reasonable level. 

A teacher given an assignment such as department 
chairman, master teacher, supervisor of apprentice 
teachers, or chairman of a curriculum study group can- 
not be expected to carry it out effectively and still do 
full justice to the primary tesponsibility of teaching 
unless some adjustment is made. The adjustment should 
be in proportion to the magnitude and intensity of the 
added assignment. , - ' 



EsX Every science teacher's day should 

<Cms><hs> be arranged so that he or she has the 
equivalent of one period to meet with 
students on an individioal bafiis, and/or to use as 
preparation time- . 

Because of differences i?i the organization of school day 
schedules, a period might .be arbiorarily defined as con- 
taining 45 minutes. Students should know that consul- 




tation time with the science teacher exists and they 
should be free, within the rules of conc|uGt of the 
school,'to take advantage of it. 



ZX. 40 Science class sections should h&f 
<Ms><Hs> stricdy limited to 24 students per in- 
structor or the capacity of the room^ which- 
ever is less. 

Hands-on activities and laboratory experiments are an 
integral part of modfem science;' instruction. Effective 
use of hands-on and laborato^ based instruction 
requires individual participation by students and close 
student-teache^teraction. A 24 student restriction is 
necessary to niiptain education quality. A teacher can- 
not supervisesniore than 24 students, even in the re- 
stricted sense'^of keeping order. The risk to student 
safety, and to expensive equipment (escalates- rapidly as 
the number of students in the laboratory at one time 
increases. ' ' 
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41^ A specialized science teacher's in- 
volvernent in extracurricular activities 
should emphasize th^ relevance of science 
to the whole school community. 

A teacher of science provides the only real role model 
of "scientist" for most students. It is . important to 
project an image diat reflectidae "normalcy" of scientists. 

/\ 41 A science teacher's involvement in 
^sXhs) extra curricular activities should be lim- 
ited to those vyith minimal stress anc|j 
time requirements. 

All teachers should share in th^ responsibility for carry- 
ing out the whole school program. Some extracurricu- 
lar activities suc:h as science clubs or science fairs can 
even be regarded as an extension of the formal Job 6f 
science teacl^ing. 
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Sorr\e extracurricular assi^m^nts, such as interscholas- 
jjic sports coaching, have heavy time demands and gen- 
e^te stress fevels beyond any dollar compensation. 
These may seriously detract from a teacher^s ability to 
fulfill major teaching responsibilities. > 

On the other hand, sorrfe participation in extracurricu-. 
4^rjictivities is necessary to keep the science teacher 
and science in tune with the total school community. 



Working Space 

^^^mjjj^gh space for instructional activities rrtust be given 
priority, these facilities are not sufficient space for 
teachers. The nature of science and science teaching 
dictates that there should be places available where the 
science tt^icher can prepare for in^^t-^nrri ' H. -ues. 



42 Ample space is needed for the storage of 
supplies and equipment. 

This space should be separate from and equiv- 
alent to at least 10 percent j)f the laborato- 
ry /clasgoom space it serves. It nwy be com- 
bined with storjflPspace for materials for other subjects. 
Storage facilities should conform to accepted safety 
standards for the storage of materials and be under 
continuous adult supervision. Special arrangements must 
provided for humane year-round care of animals. 

i . ' 

This space should be separate from and equiv- 
alent to at least 15 percent of the laboratory 
space it services. Such space may be separate 
for each laboratory /classroom or be a common facility. 
Storage facilities should conform to accepted safety 
standards for the storage of materials and be under 
continuous adult supervision. Special arrangements must 
be provided for humane year-round care of animals. 






This space should be separate frorp and equiv- 
Cjjs> alent to at least 15 percent of the laboratory 
space it services. Such space may be separate 
for each laboratory /classroom or be a common facility. 
Storage facilities should conform to accepted safety 
standards for the storage of materials and be under 
continuous adult supervision. If animals are kept per- 
manently at the school, then a special animal room 
rpust be provided and arrangements made for year- 
round humane care of the animals. 



43 Every science teacher should have access to a 
preparation area that is secure from student inter- 
ven^on. , 
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This area needlnot be large or elabor'>^ 
should provide n nlace fo' ' i ..^ 

and try demunstratioiis, arrange equipment, 
gather materials, etc. prior to their classroom use. 

/\ Teachers should have a place where they can^ 
<MS><Hs> prepare materials for student experimental 
w6rk, set up and test demonstrations, arid 
sometimes conduct experiments on their own. Depend- 
ing upon the design of the separate science departnient, 
these teacher preparation areas should be separate from 
extended storage space. The preparation areas must be 
provided with convenient electric, water, and gas outlets, 
waste disposal facilities, and safety devices. 



44 Every science teacher should'have 
office space. 



Teachers need a place where they can meet their stu- 
dents individually, where they can do their paper work 
without interruption, where they can keep files of con- 
fidential materials, and where they can organize a variety 
of teaching materials. If a teacher is the only one to use 
a classroom all day, it may be possible to use part of it 
as an- office. Otherwise, private or semi-private office 
space should be provided. Idealjy this space should 
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have a telephone or ea»y access to one. A Semi-private 
office hasjthe advantage of increasing professional inter^ 
action'among science teaching 'colleagues. 



^EsX 45 . The scienfce teacher needs access to 
X'sX^s) a professional library* 

Science teachers, faced with the task of staying up-to- ' 
date in science, science applications, science teaching, 
and the relationships of science to 'society, carry a con- 
siderable academic burden* Consequendy, teachers fre^ 
quehdy need to study appropriate'books and journal^ 
and cannot fun^ti>>TT effectively for long without these 
resour >. T( . !iers L,iiould have immediate access to a 
professional library that contains appropriate materi^ 
This library should exist as a separate facility within the 
school or could be a part of a grot^ office. 

The opportunity to further one's knowledge base by 
having a readily accessible prof^ kt ^l library is one of 
the personal rewards of teachiri^^ence. 



Services 

A science teacher needs assistance to do the job of 
teaching well. A talented instructor is not always a tal- 
ented clerical worker or equipment cleaner and repairer, 
and certainly instruction has priority. 

It is not only with "chores" that a science teacher needs 
help, however. Teachers can do a better job of teaching 
if they have frequent contact with new ideas and 
methods which extend their experience and knowledge. 
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46 Schools should appoint one teacher 
as lead science teacher or science chair- 
person. - 

The main function of this chairperson is the improve- 
ment of science teaching and leamingfThis person pro- 



vides leadership in staff ^la^dopment, Curriculum devel- 
opment, n\aterials, management, and coordination of 
teachers' efforts toward achieving school goals. The 
chairperson should have an pxcelTent professional back- 
ground, high standiii'ds, and be a dedicated teacher. 



46 Schools employing three Or more 
^sXhs)> science teachers should have a science 
department headed by a chairperson* 
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e main funcrion of the chairperson s'^the^ ini^ move- 
ment of scier . teaching and learning. This person pro- 
vides leadership in staff developi^nt, curriculum devel- 
opment, materials management, and coordination of 
teachers' efforts toward achieving school goals. The 
chairperspn should have an excellent professional back- 
ground, high standards, and be a dedicated teacher. 
This person's teaching load should be adjusted to give " 
him or her at least one hour'each school day for fulfil- 
ling departmental resxx)nsibilities. 



47 Professional laboratory assistants should be 
available* 



CES 




The chief tasks of these assistants woufd be 1 
maintenance of materials, supplies, equip- 
ment kits, aquariums, etc., ^nd assistance on 
field trips and other non-classroom learrung activities. 
In some situations, qualified volunteers may do the job. 
In larger schools or systems a full-time paid professional 
may serve several schools. 

' Teachers in training from local c611eges could gain early 
field experience by serving in this position. 

' The chief tasks of these paid a^t assistants, 

<MS><HS> or qualified and/or advanced student assis- 
tants, would be to assist the teacher with such 
tilings as setting up demonstrations and student labora- 
tory experiments, an(^ ordering, assembling, maintain- 



ing, and keeping an inventory of^supplies and equip- 
ment. Advanced students could ireceive special course 
credit in lieu of pay. ^ \^ 

Teachers in training from local colleges could gain early 
field experience by serving in this position. 



48 Regi professional secretarial and 
cricnl help should be available to science 
tochers. . • * 



This help should be available at least two hours per 
week at.a time convenient to the teacher. 

This help should be available at least one hour a day to 
each teacher at a time convenient to the teacher. Stu- 
dent help is ordinarily an unsatisfactory substitute for 
this. 



49 Consultants and specialists should 
be called in to help teachers of science as 
needed. * 



These may^b^ specialists o^ new science programs, spe- 
cialists in using new learning technology, science educa- 
tors to help individual teachers with classroom prob- 
lems^lpfety engineers, and the like. Contact with one or 
more of these outside persons should occur at least 
once each school year. 

An organized science volunteer group may able to 
provide talks, tours, etc. to update teacher knowledge 
yand even help in locating used but useful materials and 
equipment locally. ^ 

49 Consultants and specialists should 
<^*sXfis)> be called in to help the science depart- 
ment and science teachers as needed. 

These may be specialists in new science programs, sp)e- 
cialists in using new learning technology, science educa- 




^ 

» tors to help individual teachers witb classroom prob- 
lems, safety engineers, and the like. 

Proper use of consultants will result in a dynamic group 
of teachers that continue to de^^Hop their knowled^ . 
skills, and interests. 



.50 Each school system should have a 
voluntary Science Advisory Group drawn 
from the immunity. Its focus should 
cover grades K-12. 

This group will provide a two-way commmunication 
line between ibmmunity and teachers to share needs 
and concerns. This group would be strictly advisory 
and would not have policy making power. Its composi- 
tion should vary gradually from year to year. 



Budget 

Each science teacher must be supported by an adequate 
budget. Because of local differences, it is not practical to 
specify exact budget amounts in this document. It is 
imperative, however, that the budget include both 
operating and equipment acquisition costs and that 
science teachers are direcdy involved in establishing the 
budget. The following recommendations provide some 
guidelines for the development of an adequate budget. 



51 The science budget should appear 
ais a separate account within the whole 
school budget, and it should be subdi' 
vided according to function^ 

Separate line itemis' should indicate the amounts bud- 
geted for the purchase of laboratory equipment, for the 
repair and maintenance of equipment, and for supplies. . 
This will eliminate unnecessary confusion over the frue 
size of the science budget, -or over the relative distribu- 
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tion within the department of capital exp<^nses and 
annual operating experises. Suc'n information is r\||es- 
sary if s<:ience teachers are to plar their work efficiently; 

^ ^ ^ ^ 

52 Supplies (expencbbles) should be 
budgeted on a per learner basis with the 
amount varying according to the nature 
of the course, the grade level o^nstruction, and 
the expendables involved* 

It must be kept in mind that there is a basic budget 
below which any science class or course cannot operate, 
no matter how few students are enrolled. ^ 



53 Budget provisions need to be made so that 
certain items may be purchased as needed during 
the school year. These items will often be locally 
obtainable* Ihey include perishable materials and 
items for which need develops as a result of un- 
forseen class interest and development. 
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A substantial petty cash fund should be estab- 
lished, to meet this need. It should be acces- 
sible- to all teachers involved in science with 
approval by the science chairperson or lead science < 
teacher. , ^ 
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A substantial petty cash fund should be.estab- 
lished to meet this need. It should be acces- 
sible to every teacher in the science depart- 



ment wit- approval by the chairperson. This fund could 
be supplemented by laboratory fees^ if these are 
permitted. 
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54 Simple but useful Idboratpry mate- 
rials should be obtained from local busi- 
ness and industry surplus {^ supplement 
regular budgetary^ sources. Such material might 
inclyde obsolete wire, glassware, and storage boxes. 

Local service and educational organizations can be 
enlisted in the search for usable material. In a real sense, 
the community thus supports schools with resources 
other than actual dollars. * ' . 



54 Major equipment Acquisitions 
should be planned on a 3-5 year basis 
with priorities set by a coi(isensus of the 
science teachers, * 

It is recognized that budget restrictions may prevent 
needed funds from coming from the school budget. 
Teacher^ and administrators should take the initiative 
in identifying and applying for foundation ^ants. This 
will be especially effective if done on a dollar niatching 
basis. Local service organizations; businesses, and indus- 
tries may also' be able to provide resources if a need is 
clearly documented. 
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Professioninl Growth 



>^ Science teaching is such a complex, dynamic profession 
that it is difficult for a teacher to stay jap-to-date. For a 
teacher to grow professionally and become better at the 
"teaching of science, a special continuous effort is re- 
quired. During the first few years of science teaching, 
each teacher needs si:)ecial hdp anc^ consideration; 
"ftien, throughout the teacher's-'career, oppx^rtunities 
should be provided to enable teachers to extend their 
skills arid knowledge. There also needs tb be special^ 
provision to help teachers recognize their value and 
status in the community. These opportunities are neces- 
sary if intellectual and professional stagnation are to be 
avoided. To assist science teachers with a continuous 
program of professional growth, the school or district 
should provide a well stocked ^professional library, sup- 
port a variety of learning opportunities, and establish * 
incentives to encourage self-improvement. 

Professional Library 

Science teachers need access to a professional library to 
do their day-to-day wqrk. Beyond that, they ne^d pis 
resource to dev^p understanding and skills that are 
part of the profession. Teachers need to keej) current in 
science, science teaching, and Societal effects of science 
and technology. While the school's professional library 
will contain books, journals, and other material of gen- 
eral educational interest, it should have items of special 
interest to .teachers of science. The following recom- 
mendations deal with the latter area. 



55 The schoors professional library 
><> should contain a selection of books on 
both science teaching and science. Books 
^containing collections of science activities for ele- 
mentary children shpuld be emphasized* 

The activity books should be useful in enriching yie 
'teacher's background in science and rflevayrit to the 
program being taught in the school. Bodks should be 
those recommended by the school^s teachers and pro- 
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fessional science teacher organizations, • 

55 The school's professional library 
Chs> should contain a large selection of books 
on science education, science, and the 
history and (Jiilosophy of science and technol- 
ogy. Bobks should be those recommended by the 
school's science teachers and professional science 
teacher organizations* 
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56 A collection of science e4ucation 
joum^s should be maintained in the 
school's professional library. These might 
include: Sci^nLe and ChUdren and School Science 
and Mathematic^' 

Most journals publish material for and by experienced 
science educators. Articles from practicing classroom 
teachers are especially important. Teachers are encour-* 
dged to subnuiyrnanuscripts for possible publication, 

56 A collection of several professional 
education journals should be maintained 
in the school's library* iThesie might in- 
clude: The Science Teacher, Science and Children^ 
The American Bwlogy Teacher, School Science and 
Mathematicst The Physics Teacher, and The Journal 
of CKemidil Ediiduioiu 

Most journals publish material for and by experienced 
science educators^ Articles from practicing . clas^fexDm 
teachers are especially important. Teachers are encour- 
aged to submit manuscripts for possible publication.. 

57 An ui>to-date and rdevant file of 
science curriculum mateiiSls and infor- 
mation should be maintained. These ma- 
terials should include curriculum guides, unit 
plans, catalogs of equipment and materials, cata- 
logs of educational computer programs^, sample 
teaching modules from a variety of projects, rele- 
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vant res^rch reports, announcements of relevant 
graduate courses, etc.^ ^ * 

Sources for these items should include local and state- 
educatkbn agencies, local univeir^ities, fufided curricu- 
lum development projects, the Educational Resourced 
Information Center (ERIC), curriculum develppment 
projects. Department of EducatignRegional Offices, 
the National Science Teachers AssoSSiion, and other ' 
professional groups. 

58 The professional library, at either 
the school or district level, should cpn* 
tain one' or rifore microfilm/microfiche 
readers and draw heavily on the output of the 
Educational Resources Information Center 
(ERIC). The ERIC Clearinghouse for Science and 
Mathematics is located at Ohio State University 
in Columbus. As schools add computers for edu- 
cational use, software for science and science data 
banks should be available. 

Most of the important educational journals are now in 
microforms, making it relatively inexpensive for a school 
to have a substantial holding of back issues of science 
education journals even if subscriptions to these jour- 
nals have recently been established. In addition, hun- 
dreds of valuable reports and documents are available 
on microfiche from ERIC at low test. Along with a 
growing file of ERIC microfiche, the library should 
subscribe to the two main ERIC guides. Research In 
Education and Current Index to Journals in Education y both 
of which are usefiil to practicing teachers as well as to 
educational researchers and reference librarians. The 
Thesaurus of ERIC Descriptors should also be on hand. 



Continuous Learning 

A science teacher cannot grow professionally by merely 
reading. Books, journals, and innovative curriculum 
materials can extend one's knowledge of some aspects 



of science, education, and current trends. However, 'to 
fiilfiU one's human potential it is necessary to interact 
with other people and their ideas and to get involved in 
projects. This implies contact with people in schools, \ 
universities, and science and technology related profes- 
sions beyond those in the immediate school. 

School policy should ^ncourage science teachers to 
identify these resources and opportunities. Incentives 
and recognition of achievement can provide the basis 
for this encouragement. The recommendations that fol- 
ic^ indicate some ways of doing this. 
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59' Schools should provide, opportuni- 
^sXhs> ties for the inservice education of science 
teachers throughout their teaching careers. 

Teachers should have a voice in determining the con- 
tent and structure of the in-service program. Released 
time should be available for the program, and tbe <:ost 
should be underwritten by the school as part of its 
regular operating budget. In return, the school should 
require teachers to regularly participate m the in-service 
program or in some equivalent self-improvement activ- 
ity, such as shimmer school or special workshops. 

60 *Paid sabbatical leaves should/be' 
provided for the periodic updating knd 
further educational development of 
ence teachers. 

i^er seven years of teaching, teachers should be entided 
to a minimum of a half-year leave at fioll pay ®r a full 
year leave at half pay. This pay should not be reduced 
for teachers who obtain a grant or other ^urce of 
support during the period of their leave. 



y^X 61 After seven years, a permanent. 
<msXhs> teacher should be permitted to take a 
leave'of-^bsence of up to two years for 
purposes of further educa'rion without jeopardy 
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to his or her current poilition or salary advances 
upon return to the system. 




62 Elementary teachers should be en- 
;> couraged to'^spend time ^ith other - 
teachers who have demonstrateJ^exper- 
tise in science teaching*^ 

Science may be the most rapidly changing area of the 
many which the elementary teacher is asked to teach. 
Good science teaching at the elementary level makes 
use of a wide variety of classroom rpanagement skills. 
For these reasons, elementary teachers need to spend 
time visiting with master teachers and specialists in the 
area of science. 

62 A4minstrators should realizp that 
the nature of science demands that science 
teachers have time each year to be away 
from school for professional purposes. 

These days should t>e equitably distributed among the 
science teachers ih the department and should average 
at least one day per teacher per year.*" They should be 
used for visits to other schools, to colleges and universi^ 
ties, to research centers, to industry, etc. These visits 
will help the teacher keep abreast of current develop)- 
ment in science and science teaching. Reciprocal visits 
with science 'teachers from other schools should be^ 
encouraged. 



63 Support shoul4 be given so that all 
science teachers can attend and pardci- 
|>ate in locals state^ and national science 
teacher conventions. 

Time and at least some reimbursement for travel, room 
and board, registration fees, and some expenses should 
be provided to teachers on a rotating basis. The school 
should make it possible for every science teacher to 




a"ttend a national convention at l^t once evef y fout 
years, and - state 'and logal ones rnore often. SpecfigJ 
consideration, in terms of reasonable time off from 
school without loss of salary, should be given to teachers 
who hold a major office in a state or national science 
teachers professional association. 

Teachers should also be willing to support their own 
professional growth by contributing some of their own 
time and money. 
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64* Elementary teachers should be 
urged to attend special teacher institutes, 
dealing with new science curricula and 
new scientific developments.^ 

Although federal funding for this sort of workshop has 
all but disappeared, other sources of funding are begin^ 
ning to surface. NSTA, local, and state science educa- 
tion groups are actively pursuing these sponsors. Ele^ 
mentary teachers should be encouraged to attend work' 
shops which have been endorsed by the NSTA, their 
. ,»3tate elementary teachers association, local universities, 
and/or teacher centers. These workshops are well worth 
the time and effort involved. Many of them are devel^ 
oped specifically for special groups of elementary 
teachers. 

64 Science teachers should be urged to 
attend special teacher institutes dealing 
with new science curricula and new scien- 
tific developments. 

Although federal funding for this sort of workshop has 
all but disappeared, other sources of funding are^be^fi^ 
ning to surface. NSTA, local, and state science educa^'- 
tion groups are actively pursuing these sponsors. Science 
teachers shpuld be encouraged to attend workshops 
which have been endorsed by the NSTA, their state 
science teachers association, local universities, and/or 
teacher centers. These workshops are well worth the 
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time anieffort invD^^ of ijiem are developed 

speqficilly for sfte±J groups sderice tedcheis. 

teatKeft Vt^^^ 

ihotdd Jbe i^yeh- eiittai a^i^ 




Specid *-buddy'''te^^ 'dembnstratey ex- 



: pertise: in science teaet 



rhing sh^^ ^assist di^^^ teach^crs iiVi> tt^dmrig add stiidy will lead to improved teaching. Still, 



lepts^^jEngteriflls, disu. 
ment skills nfecess^ to 



learning atout the ^opics,' 

cussions, and claBStw^iXi ^ .•' 

develop a successRil science prqgram. In'laiiger diitric^, 
science specialists shoul^ be available to work wi^ 
these teachers:in ifieir clasgrpom^^ 




65 First and second yea^ teachers : 
should be given special assistz^ce and', 
consideration* [f\ 

Theftrst year or two of teachirig arc likely to be mt^ec-^ 
tually and emotionally taxing, but they ^e especially 
important years. These are often the years during whidi 
a* Rew teacher's aittitudes are set, basic teaching skills ate 
learned, and ithe course for the future is-fbced. It is 
crucial, therefofi, that the school have a special conc^i 
for the new teachers training and self-improvement.-' 
There are several concrete actions that car^ be taken. 
One is to set the beginning' teacher's instructibnal and • 
extracurticular load well below that of experienced 
teachers in the department, At lea^t during the first year 
as a science teacher," h^ or sh^ should have only oiie 
academic preparation, and hts 'ot her number of student 
contects should be limited to approximately three-, 
fourths of that of experiei>ced teachers. Second, prpfes- 
sional help should be readily available^ to assist the 
beginning teacher' with classrooni problems. The sci- 
ence deii)artment head can function in this capacity, as 
can the master teachers in the science departmeru. 
Third, the department head and ojther experienced 
science teachers in the department should introduce 
new teachers to professional associatioti activities and 
take them to professional meetings of spe^ interest. 



Hecoginidon 9ndl]^ 

To expefct a §cieni;e tefccher to devote time an^ energy 
to sdtiihpi^vemj^^ 

sibilitii^ n#ces senseVl^Qfessi<3naJly,vbut it may not • 
always Ife realisticViv^ uiUikdy to tinder-- 

- take or dontibue the rigors df suf h improvement linle^ 

- they have a stroag.«i^*itive to dd'sp. Theoretically; the ' 
stronjgestHbcentiii^hWd^^ 



teaXSfiers, like other people, eventually 'jb^me mscour- 
agedif^xtra Vi{6rk seerns^^^^^^ re^^iSSra or ackn 

edgemeht*'It is imporia^ the.scho&l nor qriy t^^ 
•^ujjport a strong Fi^pfessionial g^^ 
>yays)nd^ s^ec^ 
' tiyes aiid tecogrdtiOT^^ dp take acWantage;^ 

pj^bppSitunitie^ t6.fthixOVe.thr|>i;^ 



66 Teabcihers %)^Sib im^^ 
•:mj06f pfof feissioiial improvement and 
readied a^sUperlil' sl^ 
competcnrioe should be iwardeiJ with special recog- 
nitiop* - ■ ' 




This"m\ght take man 



fohtis, but at least it' should 
include ini^eWd saliry, special status as a master 
teacher, assimnrehLfo trairiing^a^^ supervision respon- 
sibilities, ado pechaps a citation as an outstanding pro- 
fessional science edu<^or. - . 

/Qy^ 67 Teachere who have attained a spe-^ 
<M^<HS^ dal sta^S^ through advanced study, etc* 
should occasionally be given the oppor- 
tunity to work on projects of their own ehoosii^. 

These projects i^ght incljude such things as develpping 
new instructional materials, - conducting ^ research on 
science or science learning, or developing a new inter- 
disciplinary cour^ with other teachers in die school. 
Operationally, this^dpportiini^ ihould take the form of 
adjusting the teacher's instructional load and of provid- 
ing some financiJd support if needed. ^ 
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